Effects of phorbol esters on cytoskeletal proteins in cultured bovine chromaffin cells: induction of neurofilament phosphorylation and reorganization of actin.
Bovine chromaffin cells normally express mostly nonphosphorylated neurofilaments (NFs) in primary culture, and thus provide a unique model for examining the kinase capable of phosphorylating these proteins in situ. The phorbol ester 12-O-tetradecanoylphorbol-13-acetate (TPA) which activates protein kinase C induced NF phosphorylation both in the perikaryon and in neuritic extensions of neurite-bearing cells as judged by immunofluorescence using monoclonal anti-NF antibodies which distinguish between phosphorylated and nonphosphorylated epitopes. NF phosphorylation was suppressed by pretreating the cells with sphingosine, an inhibitor of protein kinase C, and was not observed in the presence of the phorbol ester. 4 alpha-phorbol-12,13-didecanoate (PDD) which does not activate protein kinase C, arguing that protein kinase C was responsible for the observed phosphorylation. Immunochemical analysis of cytoskeletal extracts indicated that TPA induced a 3 to 6-fold increase in NF phosphorylation and showed that the 150,000 dalton NF subunit was the principal protein kinase C substrate. In addition to the TPA effect on NF phosphorylation, TPA provoked a reversible membrane ruffling, which eventually resulted in a flattening of chromaffin cells. These morphological alterations were linked with actin patching and the development of stress fibers, respectively. Sphingosine blocked the TPA-induced membrane ruffling and actin patching, and these phenomena were correlated with increased protein kinase C activity. In contrast, there was no change in the localization of microtubules and NFs. The actin reorganization and NF phosphorylation induced by TPA suggest that at least two distinct proteins of the neuronal cytoskeleton are susceptible to the influence of protein kinase C activation. It remains to be established whether protein kinase C plays a role in the regulatory mechanism controlling actin organization and neurofilament phosphorylation during neuronal differentiation.